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WEED MANAGEMENT 
Growth and Fecundity of Several Weed Species in Corn and Soybean 
S. A. Clay,* J. Kleinjan, D. E. Clay, F. Forcella, and W. Batchelor 
ABSTRACT 
Do weeds that emerge later in the season justify additional control 
costs'? If crop yield is not reduced or few or no seeds arc added to 
the soil seed hank, then no control may he needed. Eight weed species 
were sown in corn (Zea mays L.) and soybean I Glycine max (L.) 
Mcrr.l (i) before crop emergence, (ii) at crop emergence, (iii) at V-1, 
and (iv) at V-2 stages of crop growth in 2002 and 2003. Weed seed 
was sown close to the crop row and thinned to 1.3 plants m 2• Weed 
growth and fecundity were influenced by species, time of planting, 
and year. Only barnyarclgrass (Echinochloa crus-galli L.), rcclroot 
pigwced (Amaranthus retniflexus L.), and vclvetlcaf (Abutilon 
theophrasti L.) survived to produce seed. Plants from the pre-emer­
gence seeding had the largest canopy and produced the most seeds. 
Harnyardgrass had maximum canopy cover in early .July in corn and 
late .Inly in soybean hut only produced seed in corn. Rcclroot pigweecl 
and vclvctleaf had maximum canopy cover in late August or mid­
September, and some plants from most seeding elates survived and 
produced seed in both corn and soybean. However, plants that grew 
from seed sown at V-1 and V-2 crnp grnwth stages did not reduce 
yield or biomass of adjacent crop plants, had low fecundity, and may 
not warrant treatment. Control may be necessary, however, to prevent 
yield losses if weeds arc present at high densities or to prevent estab­
lishment of uncommon species. 
MJ\NJ\CiFMENT PLJ\NS that do not contain herbicides with residual activity allow for weed emergence 
after the final schcdulccl treatment. The adoption of one 
or two pass herbicide programs that rely on glyphosatc 
[ N-(phosphonomcthyl)glycinc J provides no residual con­
trol for late-emerging plants. Weed flushes can occur 
throughout the growing season, depending on environ­
mental and seed dormancy conditions (Clay and Scholes, 
1992; Anderson, 1994; Grundy and Mead, 2000). These 
late-emerging weeds may reduce crop yields through 
competition, remain green to interfere with harvest, 
and/or produce high seed numbers that will increase 
soil seed bank reserves and future infestation problems. 
Aggressive weed species, such as common watcrhcmp 
(Amaranthus nu/is Sauer) and Palmer amaranth (A. 
pa/rneri S. Wats.), may warrant late-season control mea­
su1-cs (Knezevic ct al., 1994; Sellers ct al., 2003). Com­
mon waterhemp can contribute several thousands of 
seed to the soil seed bank (Bensch ct al., 2003) and 
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reduce crop yield (Hager ct al., 2002). In addition, these 
weeds may be difficult to control in subsequent years 
clue to the occurrence of herbicide resistance to many 
herbicide modes of action, including acctolactatc syn­
thase inhibitors (Hinz and Owen, 1997), protoporphy­
rinogen oxidase inhibitors (Shoup et al., 2003), photosyn­
thetic inhibitors such as the triazincs, and microtubulc 
disruptor herbicides such as the dinitroanilines (Anony­
mous, 2004). 
Late-emerging weeds, however, are less competitive 
with crops and have less biomass and fecundity than 
weeds that emerge before or at crop emergence (Kneze­
vic ct al., 1994; Dielman ct al., 1995; Cowan ct al., 1998; 
Bensch et al., 2003; Hartzler et al., 2004). Ir emerging 
weeds remain small, minimal impacts on crop yield and 
seed bank additions are expected. In these cases, control 
may not be needed. In fact, some biologists support 
leaving late-emerging weeds as a food source to benefit 
arthropod and bird productivity (Freckleton ct al., 
2004). 
Limited data arc available on the weed species and 
the timing of emergence that may result in minimal 
agronomic impact, i.e., few or no weed seeds proclucccl 
and little or no crop yield loss. Plant fecundity and level 
of competition arc influenced by weed species, crop 
(Van Deldcn ct al., 2002), row spacing (Murphy et al., 
1996; Mulugeta and Boerboom, 2000), time of emer­
gence ( C'ardina ct al., 1995), weed placement (in or 
between rows) (Donald and Johnson, 2003), and soil 
fertility (Van Delclen et al., 2002). The objective of this 
study was to determine growth, fecundity, and yield loss 
potential of eight weed species common to the western 
region of the Midwestern United States Corn Belt sown 
into corn and soybean at four times during the grow­
ing season. 
MATERIALS AND METHODS 
Site Description and Plot Maintenance 
The experiment was conducted in 2002 and 2003 at the 
Aurora Experiment Farm, Aurora, SD ( 44°19' N, 96°40' W). 
The plots were established on a Brandt silty clay loam soil 
(fine-silty, mixed, supcractivc, frigid Calcic Hapludoll) having 
390 g kg- 1 sand, 383 g kg- 1 silt, and 226 g kg- 1 clay, a soil pH 
of 6.0, and organic matter content of 35 g kg-· 1. Soil test results 
indicated that the N, P, and K content of the soil before 
fertilizer application was 9 kg N ha 1 (0- to 60-cm depth) and 
8 µg P kg I and 1.33 µg K kg 1 (0- to 15-cm depth) in 2002 
and 32 kg N ha- 1, 6 µg P kg- 1, and 97 µg K kg I in 2003. 
Before plot establishment each year, the field was chiseled in 
Abbreviations: CDD, growing degree days; PAR, photosynthetically 
active radiation. 
CLJ\Y ET J\L. :  G ROWTH J\ N D  FEC U N D ITY OF WEED S PECIES I N  CORN A N D  SOY B F A N  295 the fal l  and field-cultivated in the spring. Urea and mono­ammonium phosphate (MAP) were broadcast-applied to both crops i n  the spring before p lant ing a l  rates o f  1 92 kg N ha  1 and 42 kg P ha 1 • The glyphosate-toleranl hybrid corn variety DK44-46RR was p lan ted on 3 May 2002 and 7 May 2003 at  a rate of 74 000 seed ha  - i i n  76-cm row spacing. Soybean (glyphosate-to lerant  variety DeKalb 1 5-5 1 RR) was p lanted at a ra te  o f  445 000 seed ha- 1 on 1 7  May 2002 in rows spaced at 1 8  cm and on 2 1  May 2003 i n  76-cm rows .  
Treatments, Sampling, Experimental Design, 
and Data Analyses Barnyardgrass ,  wool ly  cupgrass [£riochloa villosa (Thunb. )  Kunth ] ,  green foxta i l  [ Setaria viridis (L . )  Beauv. ] ,  yel low fox­ta i l  [Setaria purnila ( Poir . )  Roem . & Schul t . ] ,  vclvctl caf, com­mon l ambsquarters ( Chenopodium a/hum L. ) ,  red root pig­weed, and common ragweed (Ambrosia artemisii(olia L.)  were sown in 2002 . I n  2003 , barnyardgrass, velvetleaf, redroot pig­weed, and common sunflower (f-Ielianthus annuus L. )  were sown . Seeds were obta i ned commerci a l l y  and stored d ry at  about 2°C before p l ant ing .  A n  indiv idua l  plot cons is ted of a l l  weed species p lanted at a single p lant i ng  t ime and had the d imens ions of four rows wide by 1 2  m long in 2002 and four rows wide by 8 111 long in 2003 . The posi t ion o f  each weed species with i n  each p lot  was randomized .  About 20 to 30 weed seeds per species were planted about 1 .5 cm deep, in  the interrow area between Rows 2 and 3 ,  1 0  cm from the crop row at 1 -m intervals at  four crop growth stages: before crop emergence,  at crop emergence, and at V- 1 and V-2 stages of crop growth (Table I ) . About 2 cm of water was appl ied to a l l  plots if ra infa l l  had not occurred with i n  4 d afte r plant ing to ensure adeq uate water for seed germinat ion.  After weed emergence, the area was th inned to one weed plant for a fina l  plant popula t ion of 1 .3 weeds 111- 2. Any target weeds that  emerged wi th in  the plan ted area after the first weed had emerged were removed ,  leav ing the oldest weed i n  place. Plots were ma inta i ned weed-free except for the species of interest using a combination of glyphosate application and hand weeding. A spot-spray application of glyphosate was used on 30 May 2002. B roadcast applications of  glyphosate a t  1 .8 kg ha- 1 were applied with a b icycle sprayer on 5 June  and  24 June 2002 and 6 June and 27  June 2003 . Desi red weeds were protected from the applications by covering with a plastic cup or bag immediately before treatment and removing after the treatment had dried .  Weed growth was monitored at 7- to 1 4-d in terva ls from emergence (mid- to late May) through mid-August and at harvest ( l a te  September) . Weeds were measured for p lant  height at all sampl ing dates .  Canopy area was determined by measuring the broadest part of the plant in  two directions and multiplying these dimensions .  Canopy area was determined on 23 Ju ly ,  1 and 19  Augus t ,  and 26 Sep tember  in  2002 and  at  a l l  sampl ing da tes i n  2003 . Plant characterist ics ,  such as n umber  o f  seed capsu l es (vc l ­vetleal) ,  branches ( redroot p igweed) ,  or t i l lers (barnyardgrass) ,  of weeds that survived and produced seed were recorded in 2003 a t  harvest .  No evidence of  seed loss (sh a t tered capsu l e s ,  partial l y  shattered pan i c l c s ,  or sp ikes )  was  observed a t  h a rvest .  The plant stem was cl i pped about I cm above the  soi l  and pl aced in to paper bags .  The corn p l an t  c l osest to  and the three soybean pl an ts adj acent to the weed were h a rvested ror b iomass in 2002 and g ra i n  y ie ld in 2002 and 2003 . Samples  were placed in  the  dryer  for  5 d a t  32°C and  b iomass d ry weight determined .  Crop y ie ld  was determ i ned ror corn gra i n  and soybean a n d  reported i n  g p l a n t  1 • The number  o r  weed seeds per p lant  were determined a fter  seeds were t h reshed and cleaned. Every year ,  about s ix  ra ndom lots  o r  I 00 weed seeds each were counted and weighed . The to ta l  n umber of  seeds per p lant  then was  est imated from t he  seed we igh t .  The plots were  repl ica ted s ix  t imes i n  2002 and I ( ) t imes i n  2003 us ing a random ized comple te  b lock des ign .  Corn and  soybean exper iments  were estab l i shed i n  adj acen t  a rea s .  Due  to  the d i fferences i n  p l an t i ng  da te s  for t he  c rops and  weed seeds (Table  I )  and d i fferences i n  row spacing of  soybean between years, each experiment  was ana lyzed separa te ly .  I n  addit ion, control p lots ,  where on l y  the c rop  ( i n  both years) or only the weed (plan ted a t  the same time as corn and soybean  pl antings i n  2003 ) were p l an ted ,  were es tab l i shed and  rep l i ­cated .  Of  the  weeds that were p lanted ,  on ly  barnyardgrnss in  corn and red root p igwccd and vclvc t l c a r  i n  corn and soybean produced seed i n  each year .  H arvest data were ana lyzed by year i n  SAS (SAS Inst . ,  2000) us ing P ROC G LM due to miss ing data because weeds were not  presen t  i n  a l l  rep l i ca t ions  at  harvest .  D i fferences between means  arc repo rted at /' s 0 . 1 .  Th i s  leve l  o f  s ign i ficance was chosen because weeds a rc not bred for un i form i ty nor homogene i ty .  Tota l  ra i n fa l l dur ing  t h e  growing  season was  35 . 5  cm i n  2002 and 34 .3 (corn) and  30.6 (soybea n )  cm in 2003 . D i f lc rcnccs i n  rain fa l l  amounts i n  2003 occurred because of t h e  d i llc rcnccs i n  p lant ing date (Table  1 ) .  Rai n fa l l  was supp lemen ted w i t h  i rrigat ion,  and  the tota l  appl ied wa t e r  wa s  57 .3  cm i n  corn and  53 .5  cm i n  soybean i n  2002 . I n  2003 , to ta l  ra i n  p lu s  i rr iga t i on  water appl ied to  corn and soybean was 49 . 5  a nd  45 . 8  cm ,  respect ive ly .  The  30-yr ( 1 97 1 -2000) average ra i n fa l l  t o t a l  i s  40  cm from May th rough September  i n  B rook i ngs. Weeds that  developed from seed sown before crop emergence were exposed to 1 4 1 5  growing degree days (G DD) i n  corn and I 308 GDD in  soybean i n  2002 and 1 1 92 G O D  in  corn and 1 1 48 GG D in soybean i n  2003 . The 30-yr G DD average from I May lo  30  September i s  1 220 .  Deta i l ed  wea t he r  i n format ion i s  ava i l ­ab l e  a t  h t tp ://c l imatc .sdstatc .edu/ (veri fied 1 3  Oc t .  2004 ) .  
Table 1 .  Cro1> and  weed planting dates and  corresponding cro 1> growth stages at Aurora, SD, in 2002 and  2003. 
2002 2003 
Weed Emergence date Weed Emergence date 
planting Redroot planting Redroot 
Crop Crop growth stage date Barnyardgrass Velvetleaf pigweed date Barnyardgrass Velvetlcaf' 1>igwced 
Corn pre-emergence 15 May 29 May 29 May 29 May 7 May 18 May 15 May 23 May 
(planted 3 May 2002) crnel'gcnce 23 May 4 June 4 June 4 June 21  May 30 May 30 May U .June 
(planted 7 May 2003) first leaf stage (V-1 )  29 May 1 1 .June 4 June 11 .l une 27 May 6 .June 6 .l une l L . June 
second leaf stage (V-2) 4 ,l une 17 .lune 11 .June 11 .lune 11 ,l une 19  .lune 22 .lune 19  .J une 
Soybean pre-emergence 20 May 29 May l .June 29 May 21 May 28 May 28 May 28 May 
(planted 1 7  May 2002) cmcl'gcncc 29 May 4 .June 4 .June 6 .l une 30 May 6 .June 6 .June 6 .lune 
(1>lanted 21  May 2003) first nnifoliate (V-1) 4 J une 13 .lune Ll .lune 1 3  .lnne 11 Jnne 20 June 20 .lune 20 .l nne 
first trif'oliate (V-2) 11  June 19 June 19 June 19 . June 19 . June 25 .June 25 .l une 25 .June 
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RESULTS AND DISCUSSION 
Plant Growth and Development 
Seed germ i nat ion was not tested before plant i ng. 
However, seeds of each weed species were viable be­
cause at  least one seedling emerged i n  each of the 
p lan ted a reas a t  each planting date .  Common ragweed, 
common larnbsquarters, and woolly cupgrass died a few 
days after germi nat ion regardless of date sown. Yel l  ow 
and green foxta i l  in both crops survived from 2 to 8 wk 
but did not produce seed from any of the plantings. The 
causc(s) of the poor establ ishment and growth of these 
species is  not known. Barnyardgrass i n  soybean grew 
and was present unt i l  harvest in each year but fai led to 
produce seed, most l i kely due to competition stresses 
( l ight ,  water, and/or nutrient) imposed by  the soybean. 
Based on 2002 resul ts ,  barnyardgrass, velvetleaf, and 
rcclroot  p igwced were planted in  2003 . In  addition, sun­
flower was inc luded;  however, an  infestation of head­
c l ipp ing weevi l  (f-Japlorhynchites aeneus Bohcman) cut 
the stem j ust below the flower head in August, and 
plan ts fa i l ed to produce seed. 
Seedl ing emergence from barnyard grass .  reclroot pig­
weed , and velvet leaf seed sown pre-emergence to the 
crop ( 1 5  May for corn and 20 May for soybean) in 2002 
occurred when the respective crop was in the V-1 growth 
stage, 29 May for both crops (Table I ) . Plants from 
weed seed sown at Y-2 stage of crop growth (4 June 
for corn and 1 1  J une  for soybean)  emerged when the 
respect ive crop was i n  the Y-3 growth stage. I n  2003 , 
weed seed sown pre-emergence to corn emerged from 
6 d be fore corn emergence (vclvctlcaf) to 2 cl after 
corn emergence (rcdroot pigweecl) whereas all weeds 
in  soybean emerged 2 d before soybean emergence 
(Table I ) . Weeds emerged from the l ate-sown weed 
seeds at Y-4 of corn and Y-3 of soybean.  Seedlings from 
seed sown in noncrop areas in 2003 emerged at the same 
time as seed l ings in the crop. 
The development of barnyardgrass. red root  pigweed, 
and velvetleaf differed among species ,  planting dates ,  
and the  type of crop interference (Fig. l and 2) .  Gener­
a l l y ,  p lants that  deve loped from seed sown before crop 
emergence had a l a rger canopy than plants that devel­
oped from seed sown at  later dates. In 2003, i t  was 
evident that both corn and soybean greatly reduced the 
canopy area of  each weed species when compared with 
p lants grown without crop interference ( Fig. 2 and 3) .  
The maximum canopy area of barnyardgrass in corn 
was 500 and 6000 crn2 plant - 1 in 2002 and 2003, respec­
tively, when seeds were sown pre-emergence to corn 
( Fig. I a and 2a) . Barnyardgrass i n  soybean had canopy 
areas of <300 cm 2 plane 1 i n  2002 for plants from the 
four plant i ng dates ( data not shown) .  In 2003 , the largest 
p lants in  soybean were from seed sown pre-emergence 
that had an average canopy area of 1000 cm2 plant- 1 
(Fig. 2b ) .  The di fferences between the canopies of barn­
yarclgrass in soybean may have been due to the nanow­
vs. wide-row soybean pl anting in 2002 and 2003 .  respec­
tively. In contrast  to the plants grown with each crop. 
barnyardgrass from seed sown before crop emergence 
and grown alone in 2003 had a maximum canopy area 
of 12 000 cm2 plant 1 (Fig. 3a) . Tillering accounted for 
the large canopy area of barnyardgrass ,  with individual 
plants having an average of 1 5  t i l lers p lane 1 in  corn 
and up to 35 tillers plant I when grown alone (data not 
shown) .  Barnyarclgrass plants from seed sown at  the 
V-1 and V-2 stages of  corn produced an average of 2 
t i l lers plane 1 in corn and 5 t i l lers p lant I when grown 
alone. 
Reclroot pigweecl plants from the  pre-emergence 
seeding had the grea test canopy area when compared 
with other seeding elates (Fig. 1, 2c, 2d,  and 3b  ). In 2002, 
p lan ts grmvn in corn and soybean averaged about 1 200 
cm2 plane 1 from the pre-emergence planting and <200 
crn2 plant- 1 for plants from the V-2 planting (Fig .  1 ) .  In 
2003 , plan ts from seed sown at emergence had maximum 
canopy areas of  3000, 1000 , and 5500 cm2 plant- 1 for 
p lants grown with corn, with soybean , and a lone,  respec­
tively (Fig. 2c, 2d, and :lb) .  Reclroot pigweecl plants 
from later-sown seeds in the crops remained small ,  with 
canopies of <500 cm2 plane 1 • 
V clvctleaf plants in 2002 had the greatest canopy area 
when pl anted before crop emergence (Fig .  1 ) . Maximum 
plant canopies ranged from two to six t imes less when 
seed was sown after the pre-emergence timing. Maxi­
mum velvetleaf canopy cover in corn was 1 .5 times 
greater than the canopy produced in soybean . In 2003 , 
the canopy areas of velvetleaf plants emerging  from 
seeds sown pre-emergence to either corn or soybean 
were similar and averaged 3900 cm2 plane 1 ( Fig. 2e and 
2f) . Velvetleaf plant canopies from V-1 or V-2 seedings 
were 2 to 20 times less than the canopies of plants from 
the pre-emergence seeding. Yclvetleaf plants grown 
without crop interference (2003) had canopies two to 
four times larger than plants grown with crop interfer­
ence (Fig. 2e. 2f, and :le). The l argest velvet leaf canopy 
area was observed in plants that developed from seed 
sown at crop emergence. 
The canopy area of barnyardgrass from seed sown 
before corn emergence in 2003 was actually greater than 
the velvetleaf canopy area (Fig. 2a and 2e ) .  Barn­
yarclgrass produced many t i l lers that laterally spread 
into both row and interrow areas ( data not shown ) .  
Yelvetleaf had one main stem and remained upright, 
limiting the area covered. 
Harvest Data 
Corn yield averaged about 1 90 and 160 g plane I in 
2002 and 2003 , respectively. Soybean yield averaged 
about 40 and 2 1  g plane 1 in 2002 and 2003 , respectively. 
The density of 1 .3 plants m- 2 ( 1  plant m- 1 row) generally 
did not reduce crop biomass or height (2002) ( data not 
shown) .  Yield was reduced most often by plants that 
developed from seed sown before crop emergence (Ta­
bles 2 ,  3, and 4). The density of 1 plant m- 1 row for 
redroot pigweed and vclvetleaf has been reported to 
have minimal ( <5 % ) impact on yield (Dielman ct al . , 
1995; Scholes et a l . ,  1995) .  
No barnyardgrass survived in soybean to produce 
seed in either year although row spacing differed be­
tween years. In contrast, 50% of barnyardgrass plants 
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Fig. 1. (a) Weed cano1>y area of barnyardgrass, redroot pigweed, and velvetleaf 1>lanted pre-emergence and at the V2 stage of com growth and 
(b) canopy area of redroot pigweed and velvetleaf planted pre-emergence and at the Vl and V2 stages of soybean growth during the 2002 
growing season at Brookings, SD. Error bars indicate standard errors of the mean at P = 0.10. from all planting times in corn survived and produced seed in 2002 (Table 2) . There were no differences in barnyardgrass canopy area (Fig. 1) , biomass, or fecun­dity among these plants. The average number of seeds produced was 380 seeds plant- 1 • Corn grain yield was not influenced by barnyardgrass planting times. In 2003 , about 85 % of the barnyardgrass plants from seed sown from pre-emergence to V-1 and 30% of p lants from seed sown at V-2 survived to produce seed (Table 2) . Barnyardgrass plants from seed sown before corn emer­gence had greater canopy area ,  were taller, and reduced corn yie ld 30% al though the harnyarclgrass biomass and seed number per plant were s im i lar  to plants from the other planting elates .  B arnyardgrass fecund i ty when grown alone was 5 to 1 5  t imes greater than p l ants that developed from seed sown before or at crop emergence. About 66 and 30% of the redroot p igweed p lan ts in corn produced seed in 2002 and 2003 , respectively (Table 3). Plants produced from seed sown before crop emergence in 2002 produced more seed than p lants de­veloping from seed sown at  V-2 s tage o f  crop growth in both crops . In 2003 , p l ants from the earl iest sowing 
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Fig. 2. Weed canopy area of barnyardgrass i n  (a) corn and (b) soybean, redroot 1Jigweed in (c) corn and (d) soybean, and velvetleaf in  (e) corn 
and (f) soybean at sampling dates during the 2003 growing season at Brookings, SO. Weed seeds were planted before cro1J emergence, at 
crop emergence, and at the V-1 and V-2 stages of crop growth, respectively. Barnyanlgrass plants at all 1Jlanting times in  soybean failed to 
set seed, and plants were not present at harvest. Error bars indicate standard errors of the mean at P = 0.10. 
produced many m ore seeds than the other plants ,  but 
due to h i gh seed production variab i l i ty among treat­
ments, this value was not  differen t than seed product ion 
o f  plants sown a t  oth er  p lant ing t imes .  Red root p igweed 
p lan t s  grown without i n terference genera l l y  had h igher 
seed product ion than those grown i n  e i ther crop .  Corn 
yield across a l l  plant ing times was s imi lar to the weed­
free contro l  i n  2002 whereas yie ld was reduced an  aver­
age o f  1 4  % in  2003 regardless of  plant ing date . On ly  
p l ants that  developed from the earl iest-p lanted seed 
reduced soybean yield in 2002, 
Yelvetleaf p lants had h igher survival rates in corn 
than soybean (Table 4) .  Seed capsule production in  2003 
ranged from O on velvetleaf plants from seed sown at 
V-2 to 75 on plants from seed sown before crop emer­
gence in both corn and soybean (data not shown) .  S imi ­
lar  numbers of velvet leaf seed were produced by p lants 
from each plant ing t ime when compared across crops 
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Fig. 3. Weed canopy area of (a) barnyarclgrass, (b)  reclroot pigweecl, and (c) velvetleaf grown without corn interl'erence at sampling elates during 
the 2003 growing season at Brookings, SD. Weed seed was planted based on corn growth stages before emergence, at emergence, and at V-1 
and V-2 stages of growth, respectively. Weeds planted in  soybean at the same crop growth stages had similar canopy areas as those presented 
for corn ( data not shown) .  Error bars indicate standard errors of the mean at P = 0.10. 
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Table 2. Barnyardgrass survival, height, biomass, and seed production and corn grain yield in 2002 and 2003 at Aurora, SD. Numbers 
followed by the same letter(s) within a year indicate no differences among treatments at P ,s 0.1. 
Crop stage at 
Treatment weed seed planting Survival Height 
2002 % Clll 
With crop pre-emergence 50 90 ll 
emergence 50 63 ll 
V- L so 59 a 
V-2 so 51 a 
weed-free 
2003 
With cro11 pre-emergence 90 163 ab 
emergence 80 103 cd 
V-1 90 95 d 
V-2 30 30 e 
weed-free 
Withont c,,011 1>rcMcmcrgcncc 100 1 86 a 
emergence 100 154 abc 
V- 1  100 1 1 2  be 
V-2 100 106 C (Table 4) ,  Velvetleaf seed numbers were larger for p lants grown without crop i n ter f'erence, I n  2002, vel­vet l eaf  in terference reduced corn yield by 10% except where plants developed from seed sown at V-2 stage, In 2003 , corn yield was reduced 9% by velvetleaf that deve loped from seed sown before crop emergence, at  crop emergence, and at V-1 , Soybean yi e ld was reduced in both years only by velvetleaf plants that developed from seed sown before emergence , Yield reduct ions were 33 % i n  2002 and 47 % in 2003 , Nitrogen ferti l i zer was appl ied to the soybean area, and a l l  plots were i rr igated , These conditions should have been optimal  for both crop and weed growth, so that t ime of plant ing was the major influence of th i s  study, P lants tha t  emerged la ter in the  crop cycle pro­duced less seed than early emerged p lan ts. Cardina ct aL ( 1 995) a lso reported large reductions (90% or greater) in vclvctleaf seed product ion between early and l ate­emerging p lants when grown w i th corn , The corn canopy Barnyard grass Seed per plant Bion1ass Average Mini111um Maxi1nu111 Corn grain yield g no. g plane ' S a  863 a 180 2 1 00 1 83 a 4 a  199 a 143 250 176 a 2 a  287 a 1 55 550 185 a 7 a  1 57 a 45 340 176 a 194 a 33 b 3 385 b 1830 7 160 151 b 7 b  1 186 b 630 2 100 163 ab 4 b  726 b 100 2 000 170 ab l b  158 b 150 430 183 a 182 a 179 a 20 010 a 2710 51 000 161 a 15 250 a 900 32 100 50 b 5 175 b 4640 12 700 37 b 6 460 b 1200 16 100 can reduce photosynthetically active radiation (PAR) penetration lhrm:gh the canopy by 40 and 60% at s i lk ing when p lanted at  7 and 10 plants m 2 , respectively (Mur­phy et  a l . ,  1 996) . The soybean canopy can reduce PAR penetration in the canopy from 50 to 100% at R-3 or later growth stages depending on cu lt ivar characteri st ics (narrow vs, broad leaves) ,  row spacing ,  and plant popu­l ation (Flenct ct al . ,  1 996; Huggins et al . ,  1 999) . Growth from lower axi l lary buds of velvetleaf is i nhibited by soybean in terference (Regnier and S tol ler ,  1 989) . Bel lo ct aL ( 1 995) reported that 30 and 76% shading imposed 3 wk after vclvctlcaf emergence reduced velvet leaf seed yield from 22 to 93 % ,  respectively, wi th corresponding reductions i n  growth parameters and seed capsules per plant compared with plants grown in ful l sun , These findings, in conjunction with data from this study, sug­gest that shading by the crop canopy is a major mecha­nism of interference to weed growth since N and water were similar between the two crops, 
Table 3. The percentage survival, height, and seed production of redroot t>igweed 1>lants that survived to produce seed in corn and 
soybean in 2002 and 2003 at Aurora, SD. In 2002, redroot t>igweed was grown only in the crop, whereas in 2003, redroot pigweed 
was planted in the crop and without cro1> interference. Numbers fol lowed by the same letter within a cro1> and year indicate no 
differences between treatments at P :5 0.1. 
2002 
Crop stage at Weed seed per plant 
weed seed Weed Grain 
Crop planting survival Height Average Min. Max. yield 
% cm no. g/plant 
Corn pre-emergence 66 107 a 6150 a 2720 14 970 198 a 
emergence 66 50 b 1300 b 640 3 053 168 a 
V-l 33 36 b 1490 ab 40 2 930 186 a 
V-2 83 34 b 118 b 36 210 198 a 
weed-free 194 a 
No corn 11rcwc1ncrgcnce 
emergence 
V-1 
V-2 
Soybean 11re-emergence 100 101 a 5570 ll 1270 1 1 200 27 b 
en1ergencc 1 6  73  b 3280 ab 43 a 
V-1 33 36 C 340 b 30 650 47 a 
V-2 0 O d  O b  39 a 
weed-free 39 a 
No soybean 1>rc�eincrgence 
emergence 
V-1 
V-2 
Weed 
survival Height 
% Clll 
40 1 18 a 
20 80 abc 
30 30 cd 
30 16 d 
80 71 be 
80 69 be 
60 41 cd 
100 88 ab 
70 1 00 ll 
50 80 be 
0§ O d  
0 0 d 
100 76 C 
100 98 ab 
100 1 02 a 
100 98 ab 
2003 
Weed seed per plant 
Average 
4 680 b 
220 b 
44 b 
25 b 
9 600 b 
5 1 230 a 
5 120 b 
16 500 b 
9 870 cd 
2 870 eel 
O d  
O d  
53 200 b 
127 100 a 
53 400 b 
30 700 be 
Min. Max. 
no. 
64 16 600 
50 400 
6 1 20 
9 55 
2 780 21 450 
4 100 132 300 
1 200 2 1 400 
4 400 32 400 
860 24 900 
60 7 500 
3 050 1 1 5 600 
25 900 215 500 
30 150 94 800 
6 300 61 100 
Grain 
yield 
g/plant 
142 b 
161 b 
1 62 b 
161 b 
182 a 
19 ll 
17 a 
19 a 
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Table 4. The percentage survival, height, and seed 1,roduction of velvetleaf plants that survived to l)roduce seed in corn and soybean 
in 2002 and 2003 at Aurora, SD. In 2002, velvetleaf was grown only in the crop, whereas in 2003, velvetleaf was planted in the crop 
and without cro1) interference. Numbers followed by the same letter within a crop and year indicate no dif
f
erences between treatments 
at P :S 0.1. 
2002 
Crop stage at Seed per plant 
weed seed Weed 
Crop planting survival Height Average Min. 
% cm no. 
Corn pre-emergence 100 136 h 720 ab 200 
emergence 50 188 a 1390 a 537 
V-1 83 154 ab 720 ab 73 
V-2 100 104 b 230 b 70 
weed-free 
No corn pre-emergence 
emergence 
V-1 
V-2 
Soybean pre-emergence 83 136 a ] 225 ll 260 
emergence 33 160 a 1680 a 1421  
V-1 16 46 b 45 b 
V-2 16 S c  O b  
weed-free 
No soybean pre-emergence 
emergence 
V-1 
V-2 
Soybean interference at either row spacing generally 
reduced weed growth more than corn. Barnyardgrass 
plants did not produce seed in soybean, and redroot 
pigweed and velvetleaf plants that developed from seed 
sown at V- 1 and V-2 produced no or very small amounts 
of seed. These three species at all planting times in corn 
survived and had greater fecundity than in soybean. 
However, the fecundity of these plants was low when 
plants emerged at or after the V- 1 growth stage in either 
crop , and most likely, the seeds produced would have 
little impact on the soi l seed bank. N evertheless, control 
measures still may be needed. For example, if velvetleaf 
is not widespread in a field, j ust a few seeds from late­
emerging plants may be cause for concern, whereas 
small additions of new seed from a more widely distrib­
uted species, like barnyardgrass, may not warrant control. 
Further research should be conducted with higher 
weed densities to understand the balance between crop 
growth and the consequences of the late-emerging 
weeds. High densities of late-emerging plants may result 
in yield loss or lower fecundity of individual plants due 
to both intraplant and interplant competi t ion for l i ght, 
water, and nutrients. These changes may increase the 
return of seed to the seed bank due to more individuals 
producing seed in  an area .  In contrast, h igher crop densi­
ties and more rapid and complete crop canopy coverage 
may counteract seed product ion of late-emerging weeds. 
Whatever the case, the current  results suggest that 
seed production from weeds that emerge late and escape 
control by nonresidual burn-down herbicides may be 
more of a problem in corn than soybean. Managers 
should recognize this difference between crops and plan 
control strategies accordingly; e.g. ,  split glyphosate ap­
pl ications or soil-residual plus postcmcrgence glypho­
sate in glyphosate-tolerant corn. 
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Grain Weed 
Seed 1>er 1>hmt 
Grain 
yield survival Height Average Min. Max. yield 
g/plant % cm no. g/plant 
1 72 a 100  220 ab 2 200 cd 1 8  4 400 1 63 b 
1 40 b 90 192 be 940 de 5 3 920 1 64 b 
1 96 a 70 1 38 d 610 de 4 2 890 1 64 b 
1 86 a 0 O e  O c  1 80 a 
191  a 1 82 a 
100 250 a 4 800 b 2600 6 670 
100 250 a 8 150 ll 5 160 14 000 
80 168 cd 3 170 bed 420 7 520 
100 200 abc 4 1 20 be 870 14 550 
26 b 90 150 be 2 030 be 1 1 0 4 830 10 C 
37 ab 90 140 C 920 C 504 2 300 17 a 
33 ab 10 27 cl O c  1 2  be 
28 ab 10 33 d 7 c  1 6  ab 
39 a 19 a 
100 1 70 a 9 660 a 1 10 16 400 
1 00 166 ab 11 760 a 7220 16 000 
100 1 65 ab 3 500 b 870 5 530 
100 1 57 abc 3 460 b 1 840 6 8 1 0  
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